
AFRL-SR-BL-TR-99- 

 REPORT DOCUMENTATION PAGE 
Public reporting burden for this collection of information is estimated to average 1 hou per response, including the time for reviewing» 
needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or anyother asp 
burden to Washington Headquarters Services, Directorate for Information Operations antf-Reporte, 1?35 Jefferson Davis Highway, S 

(&(& 
i data 

nd 

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 
31 Jan 1999 

3. REPORT TYPE AND DATES COVERED 
Final Technical Report 1 Jun 95 - 31 Oct 98 

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS 

Investigation of Hyperthermal Energy Ion/Surface Reactions AASERT Grant   F49620-95-1-0370 

3YfrV->5 
6. AUTHOR(S) 

Dr.   Dennis C.   Jacobs 
t*iio2>0 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

University of Notre Dame 
Department of Chemistry and 
Biochemistry 
251 Nieuwland Science Hall 
Notre Dame, IN 46556-5670 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

A i r Force Office of Scientific Research/NL 
801 North Randolph Street, Room 732 
Arlington, VA 22203-1977 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 
The views,   opinions and/or findings  contained in this report are those of the author and 
should not be  construed as an official Air Force position,   policy,   or decision. 

12a. DISTRIBUTION /AVAILABILITY STATEMENT 

Approved for public release,   distribution unlimited 

13. ABSTRACT (Maximum 200 Words) 

12b. DISTRIBUTION CODE 

Support was extended to a graduate student, pursuing a Ph.D. degree, and an 
undergraduate student.  Together they worked on measuring the momentum transfer of 
energetic Ne+ ions impinging on a Si(100) surface.  Scattering experiments and classical 
trajectory calculations were utilized to determine the energy and angular distribution of 
the scattered projectiles.  This work is relevant to predicting and reducing spacecraft 
drag in a low-earth orbit environment. 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

NSN 7540-01-280-5500 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

unclassified 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

' unclassified 

15. NUMBER OF PAGES 

16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

UL 
Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. Z39-18 
298-102 



FINAL TECHNICAL REPORT 
'Investigation of Hyperthermal Energy Ion/Surface Reactions' 

AASERT Grant F49620-95-1 -0370 
1 Jim 95- 310ct98 

Parent Grants: F49620-95-1-0128 and F49620-98-1-0029 

Dr. Dennis Jacobs, Associate Professor 
Department of Chemistry and Biochemistry 

University of Notre Dame 
Notre Dame, IN 36556 

This AASERT grant has supported Ms. Patty Smith in her 
doctoral studies.   Patty has investigated the transfer of energy and 
momentum associated with hypervelocity Ne+ colliding with a Si(100) 
surface. She has gained experience in preparing and cleaning single- 
crystal samples for UHV, recording X-ray Photoelectron Spectra 
(XPS), generating well-characterized beams of atomic ions, and 
detecting scattered ions with Quadrupole Mass Spectrometry (QMS). 
By measuring the energy of scattered projectiles as a function of 
scattering angle, she has determined that single-scattering events 
predominate even at relatively low collision energies.   However, as the 
collision energy decreases, the Ne+ projectile interacts with an 
increasing number of Si atoms during its brief repulsive interaction 
with the surface.  This information is useful for predicting the drag of 
a spacecraft in low-earth orbit.   It may also be profitable for designing 
spacecraft materials that rninimize aerodynamic drag.  Patty has also 
begun studying abstraction reactions involving NO+ incident on 
0/Al(l 11) to form N02' and N02

+.   In this case, the NO+ ions were 
generated state selectively.   Thus, the reaction probabilities can be 
explored as a function of collision energy, vibrational energy, and 
molecular alignment. 

In the summers of 1997 and 1998, Mr. Jon Camden, a Notre 
Dame undergraduate chemistry major, was supported by AASERT.  Jon 
has written a computer program to simulate the aforementioned 
Ne+/Si(100) scattering results.   Using classical mechanics, he has 
developed trajectory code to simulate individual scattering events.   It 
is hoped that the simulations will allow us to predict scattering 
behavior over a wider range of systems than has been experimentally 
studied. 

Both of these students have made great progress in their 
academic programs.    Patty is predicted to finish her Ph.D. within two 
years.  Jon is planning on attending graduate school after he earns his 
B. S. degree next year. 
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